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SUMMARY
Rationale: An ankle-foot orthosis (AFO) is a commonly prescribed rehabilitation intervention in children with Cerebral Palsy (CP). AFOs have the purpose to reduce gait deviations in order to enable or improve standing and walking, thereby enhancing the child"s mobility and participation. Although AFOs in children with CP are commonly prescribed, insight in underlying working mechanisms and a clear concept of AFO design in relation to prescription goals is largely lacking. At present, the decision-making process of AFO prescription seems to rely primarily on current best available evidence and expert"s experience and opinion, resulting in differences in AFO design. Literature shows that AFO use is not always effective in children with CP and can even have detrimental effects on the child"s functioning, e.g. by increasing energy cost of walking or reducing walking speed. This suggests that AFO prescription is inadequate in some patients, and underlines the importance and urgency of acquiring more knowledge about the working mechanisms of AFOs. This requires a extensive evaluation of AFO efficacy on a broad range of outcome measures, i.e. using outcome measures that are related to both components of the International Classification of Functioning, Disability and Health (ICF); "body functions and structures" and "activities and participation".
Objective:
The primary objective of this study is to evaluate AFO efficacy in children with spastic CP using outcome measures related to ICF the components of "body functions and structures" and "activities and participation". The secondary aim is to identify prognostic factors for success of AFO treatment on outcome measures related to the ICF component "activities and participation" in children with spastic CP.
Study design:
A pre-post experimental study.
Study population:
Children with spastic CP will be recruited from Department of Rehabilitation of the VU University Medical Center, Amsterdam, the Netherlands. Subjects will be aged between 6 and 14 years old, walking with flexed knee pattern, and classified as I or II according to the Gross Motor Function Classification System (GMFCS).
Intervention: Subjects will get an Floor Reaction Orthosis (FRO), composed out of pre-preg material (e.g. impregnated carbon fibres), which will be fabricated with integrated Neuro Swing ® system ankle joint. This system has an adjustable spring force, alignment, and range of motion of the ankle joint. This study will investigate the effects of varying stiffness (spring force) of the AFO on gait to select the subject"s optimal AFO.
Main study parameters/endpoints: Primary study parameters are energy cost of walking and the child"s daily activity.
Nature and extent of the burden and risks associated with participation, benefit and group relatedness: Visits for baseline measurements (n=3) will be scheduled simultaneously with regular consultancies, to limit the number of visits to the medical center.
For each AFO configuration (n=3), effects will be evaluated after four to eight weeks. Followup measurements will be performed for the subject"s optimal AFO after twelve to twenty weeks. Baseline as well as follow-up measurements are non-invasive. Practical relevance of the study is that this extensive evaluation of AFO efficacy could contribute to improving orthotic management in CP in the (near) future.
INTRODUCTION AND RATIONALE
With a incidence of 2-3 per 1000 living births, Cerebral Palsy (CP) is the most common cause of motor disorders in childhood in Western countries (1). Rosenbaum et al. (2) described CP as a group of permanent disorders of the development of movement and posture, which are often accompanied by secondary musculoskeletal problems and disturbances of sensation, perception, cognition, communication and behaviour. Common motor disorders in children with CP are spasticity, muscle weakness, and a decreased ability of selective voluntary muscle contractions, often causing mobility limitations (3), which may lead to participation restrictions (2). Within CP, motor disorders can be classified by type, localisation, and severity (3). Spastic motor disorders are the most common (approximately 80% of the cases) and the majority is bilaterally affected (4).
Although more than half of children with bilateral spastic CP walk independently with or without an assistive device (5), most have gait-related problems, such as a reduced speed and/or an increased energy cost (EC) of walking (6-12). These gait-related problems are mostly caused by deviations in gait (13-16). The diversity of gait deviations evoked numerous efforts to classify gait. In CP, these classifications are created to develop a framework to assist in diagnosing, clinical decision-making and in communication (17) . Rodda et al. (18) classified gait patterns based on kinematic data of the ankle, knee, hip, and pelvis in midstance, resulting in five basic walking patterns. The first group (true equinus) describes an extended knee pattern, whereas groups II, III and IV (respectively jump gait, apparent equinus and crouch gait) represent flexed knee patterns. The fifth group involves the asymmetric pattern, in which gait patterns of both legs are classified as belonging to different groups. Some general treatment algorithms are based on this classification (19) .
Rehabilitation treatment in children with CP (e.g. treatment with leg orthoses), often aims to intervene in gait deviations, in order to reduce gait-related problems and achieve independent walking. In particular, the prescription of an ankle-foot orthosis (AFO) is a frequently applied intervention to promote child's mobility. The role of an AFO is to impose mechanical constraints to the ankle, in order to compensate for a loss of function (20) (21) (22) , or to counteract an excess of function (23;24) . The dynamical mechanical behaviour of AFOs includes spring-like properties, characterized by a neutral angle and stiffness. Hence, an AFO provides direct control of the ankle and foot, and, dependent on its design, it can indirectly stabilize the knee and hip joints (25) . AFOs might improve joint kinetics and kinematics and, accordingly, have advantageous effects on spatial and temporal gait parameters (20;26-29) . Several studies have shown that normalization of walking kinematics, kinetics and improved walking ability, (e.g. in terms walking efficiency) are closely coupled, also in the context of orthotic interventions (26;28-30) . Since walking efficiency is the most
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Version number: 5, 2012-12-18 12 of 42 important prognostic factor for mobility restrictions in ambulant children (31) , AFO use could lead to an improved mobility in children with CP (23;25) . Especially the walking patterns with knee flexion are often exceedingly energy consuming (9;10), depending on the amount of knee flexion in midstance (13). Moreover, patients walking with knee flexion are prone to deterioration in (pre-)puberty (32;33) . Therefore, in diplegic CP children who walk with knee flexion, adequate AFO prescription with respect to reducing EC of walking is of major importance.
Depending on the specific gait deviations of the child, various AFO types are available (e.g. anterior or posterior leaf spring AFOs, which can either be solid or articulated (3;23)).
For children whose gait pattern is characterised by knee extension, articulated Posterior Leaf Sping (PLS) AFOs are usually prescribed (23) . AFO prescription for patients walking with excessive knee flexion is diverse, but anterior leaf spring (ALS) orthoses are commonly prescribed (23) . This AFO type is also known as the Floor Reaction Orthosis (FRO), and is usually composed out of a stiff material, such as carbon fibre. This rigid type of AFO uses an anterior support to the tibia and a stiff footplate. In this way the FRO aims to counteract excessive knee flexion during midstance, by creating a knee-extensor moment (24) .
Although this stiff AFO counteracts the knee flexion most adequate, a more spring-like AFO could be more beneficial in terms of storage and release of energy. Research revealed that EC of walking with a typical spring-like AFO can be optimized by choosing the correct AFO stiffness (34) . Considering both knee flexion and energy release, the optimal AFO stiffness needs to be defined for this flexed knee gait pattern. Therefore, to prescribe an appropriate FRO, the physician must clearly understand how the deviations in gait pattern are altered by the FRO, and, moreover, what mechanical properties of the FRO need to be specified to best accomplish this (23) . So far, the decision-making process of AFO prescription seems to rely primarily on current best available evidence and expert experience and opinion, resulting in differences in treatment paradigms with respect to both the indication and the mechanical construction of AFOs (35;36) . This implicates that AFO prescription might be inadequate in some patients (29) , and it underlines the importance of more knowledge about the working mechanisms of AFOs to improve orthotic management (23 Other studies proposed that AFO properties, such as stiffness and neutral angle, could also influence the effectiveness of the intervention (55;56). Moreover, literature demonstrates evidence that there is an optimal match between AFO properties and the patient"s characteristics and specific gait-related problems (42;48;57).
In sum, evidence for AFO efficacy in children with CP seems inconclusive. In order to improve AFO treatment, the optimal AFO stiffness needs to be defined and prognostic factors for success of AFO treatment should be investigated. Therefore, this study aims to get insight in working mechanisms of AFOs in children with spastic CP who walk with knee flexion in midstance, by performing a comprehensive evaluation of outcome measurements after treatment at multiple ICF components. Additionally, determinants for treatment success will be indentified. Both might help to construct an evidence-based framework for AFO management that can assist in improving the treatment with respect to mobility and participation.
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OBJECTIVES
Primary objective:
The primary objective of this study is to evaluate AFO efficacy in children with spastic CP on the ICF components "body functions and structures" (i.e. biomechanics of gait) and "activities and participation" (i.e. walking efficiency and frequency of participation). The secondary aim of this study is to identify prognostic factors for either a successful or unsuccessful outcome of AFO treatment on activities and participation (i.e. walking efficiency, daily activity and frequency of participation) in children with spastic CP.
The main research question for this objective is: 2) can we identify prognostic factors for a successful or unsuccessful outcome on walking efficiency, daily activity and frequency of participation after AFO treatment in children with spastic CP, whose gait is characterized by flexed knee pattern? Additional questions are: 2a) how do AFO properties (e.g. stiffness)
influence the patient"s gait biomechanics?; and 2b) what is the effect of gait improvements, as a result of AFO stiffness optimization, on daily activity and frequency of participation?
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Figure 1. Schematic reproduction of the study design. After baseline measurements (T0), the subject"s intervention AFO will be prescribed. Stiffness of this AFO will be varied (rigid, stiff and flexible) and the order of AFO stiffness will be block randomized. Accommodation time for each stiffness will last 4-8 weeks, after which effects will be evaluated (T1K1, T1K2, and T1K3). After these evaluations, the subject"s optimal AFO will be selected. Follow-up measurements (T2Kopt) will be done after 12-20 weeks. AFO=Ankle-Foot Orthosis; B=Block; K=AFO stiffness; K1, K2, and K3 represent either rigid, stiff or flexible stiffness configuration.
METHODS
Study design
To evaluate AFO efficacy in children with spastic CP, a pre-post experimental study will be performed at the Department of Rehabilitation Medicine of VU University Medical Center (VUmc) in Amsterdam, the Netherlands.
3.1.1
Data collection and study planning After enrolling the study (recruitment), baseline measurements (T0) will be performed for the subject, walking with shoes only. Additional measurements will be performed for the subject"s current AFO (if applicable). Then, for each subject a new AFO will be prescribed, of which stiffness (K) will be varied into three configurations: rigid, stiff, and flexible (further explained in chapter 5). A balanced block randomization will be applied for six possible sequences of AFO stiffness configurations. Each AFO configuration will be worn for an acclimation period of four to eight weeks, after which AFO efficacy will be evaluated (T1 k1
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,T1 K2 and T1 K3 ). An analysis the evaluation of all AFO configurations will lead to selection of the stiffness that results in the most favourable effects for a particular subject, referred to as the subject"s optimal AFO. This optimal AFO will be worn for twelve to twenty weeks, after which a second set of follow-up measurements (T2 Kopt ) will be done for the selected optimal AFO (figure 1).
Baseline measurements (T0) will have total duration of 4.5 hour. To limit the burden for the subject, baseline testing will be equally sub-divided into three measurement moments:
T0 cast , T0 fit , and T0 deliver (respectively representing the regular consultancies of casting, fitting and delivery of the new AFO).
The evaluation of AFO efficacy will be done for each configuration, and is referred to as T1 k1 ,T1 K2 and T1 K3 which represent, dependent on the randomization, either a rigid, stiff or flexible configuration. These measurement moments will last approximately three hours each. Subsequent analysis of these measurements will lead to selection of the subject"s optimal AFO. Follow-up measurements for the optimal AFO (T2 kopt ) will be done after wearing the orthosis for twelve to twenty weeks. This broad range of long-term follow-up time is included in the study design, since a child"s daily activity and participation will be dependent on environmental factors, such as weather circumstances (e.g. temperature). Measurements at T2 kopt will have duration of approximately three hours.
Additional (outside lab) measurements will be performed during baseline (T0 deliver ), evaluation (T1 K ) and follow-up (T2 kopt ) measurements (table 1) . Children with spastic CP, who are indicated for a new AFO, will be recruited from the patient population of the VU University Medical Center, Amsterdam, the Netherlands.
Study population
Inclusion criteria for enrolling the study are: Classification System (GMFCS) (58) , provided that the subject is able to perform a 3D gait analysis independently; ability to walk independently for at least five minutes at a comfortable walking speed (CWS).
Exclusion criteria
Exclusion criteria are:
any orthopaedic surgery or other surgical interventions that might influence mobility in the past six months;
Botulinum Toxin A injections in the past three months;
intrathecal Baclofen (ICB) therapy in the last six months or selective dorsal rhizotomy (SDR) in the past year;
impairments that could contra indicate fitness testing; plantarflexion contractures; a knee flexion contracture > 10°;
hip endorotation ≤20° in midstance;
other medical conditions influencing mobility;
severe behavioural problems.
Sample size calculation
Sample size is based on power analyses on the expected changes in the primary outcome "walking efficiency".
Walking efficiency, assessed with a portable gas-analysis system, will be defined as the 
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Investigational product/treatment
For children with CP, current AFO prescription is primarily based on the patient"s gait deviations. AFO prescription for patients walking with excessive knee flexion is diverse, but anterior leaf spring (ALS) orthoses are commonly prescribed (23) . This AFO type is also known as the Floor Reaction Orthosis (FRO), and is usually composed out of a stiff material, such as carbon fibre. Since this study will only enrol patients who walk with a flexed knee gait pattern, most baseline AFOs (control condition) will be FROs with a rigid footplate that are made out of carbon.
Follow-up AFOs will be manufactured following the Mälmo-technique (Otto Bock
HealthCare GmbH, Duderstadt, Germany). Within this method, orthoses are composed out of pre-preg materials (e.g. impregnated carbon fibres). By applying these materials, orthoses are much stronger and have more favourable mechanical properties, compared to conventional orthoses that are made of carbon (or poly-propylene) (63) . For fair evaluation of AFO efficacy, the global design of the AFOs will be similar for all subjects. Hence, follow-up AFOs (case condition) will be FROs with a rigid footplate made out of carbon composite.
Neuro Swing ® configurations
Follow-up AFOs will be fabricated with an integrated "Neuro Swing ® system" ankle joint (CE-certified product), which has recently been developed by Fior & Gentz (Lüneberg, Germany). Due to the system"s adjustable spring force (stiffness), alignment and range of motion (ROM) of the ankle joint, AFO properties can be varied within the same orthosis. The benefit of using this system is that it prevents multiple AFO manufactures within subjects.
Since this study primarily investigates the effects of varying stiffness, the Neuro Swing ® system will be configured into three different levels of stiffness (rigid, stiff, and flexible), whereas other mechanical properties will be kept equal for each configuration.
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The Neuro Swing ® ankle joint comes with five spring packages with different forces. The ankle joint can be adjusted with different springs (stiffness) towards plantar and dorsal flexion. In this study, the anterior spring (dorsal flexion) will be varied, while the posterior spring (plantar flexion) will be the same for each configuration. This posterior spring will be a spring with low forces.
The rigid configuration of the Neuro Swing ® system will not allow any dorsal or plantar flexion during walking, while the stiff and flexible configuration of the Neuro Swing ® system will. For stiff configuration, the ankle joint system will be equipped with the spring that best approaches the stiffness of the subject"s baseline AFO. For the flexible configuration, the system will be equipped with a spring that is less stiff (if the spring of the stiff configuration is the "fifth" (strongest), the flexible AFO will be configured with the "fourth" spring of the Neuro Swing ® package).
Tuning
To SVA in midstance, which should be 10-12° inclined. Owen (65) recently introduced a clinical algorithm for the design and tuning of AFO-FCs, aiming to achieve the most optimal SVA. By using this algorithm for each AFO prescription, it is assumed that tuning of each AFO-FC will be adequate and for each AFO configuration.
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Study parameters/endpoints
This study will evaluate the efficacy of AFOs in CP, using outcome measures at the ICF components of "body functions and structures" and "activities and participation" (45) . All measurements are summarized in table 2 and further explained below. 
Primary study parameters
Primary outcome measures in this study are:
energy cost of walking (assessed with the Energy Cost of Walking Test (ECWT)); the subject"s daily activity (assessed with the StepWatch TM Activity Monitor (SAM));
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Energy cost of walking and walking speed
The "capacity" qualifier of the activities and participation component describes the child"s ability to execute a task or action in a standardized environment (45) . In this study, activity capacity will be determined with an Energy Cost of Walking Test (ECWT). During the ECWT, subjects will walk for 6 minutes at self-preferred CWS on an indoor oval route, while oxygen uptake will be measured breath-by-breath, using the Metamax 3B portable gas analysis system (Cortex, Leipzig, Germany). Outcome measures will be walking speed (m ). EC of walking calculation will be based on the child"s submaximal oxygen uptake (VO2 submax ) and walking speed, which are both measured during a steady state of walking.
Daily activity
The "performance" qualifier of the activities and participation component, is what a child actually does in his or her current environment (45) . In this study, activity performance will be measured by monitoring the child"s daily activity, using the StepWatch3 TM Activity Monitor 3.0 (SAM) (Cyma Corporation Seattle, WA, USA). The SAM is an ankle worn accelerometer that measures average amount of steps per minute over a broad spectrum of step cadences. It is an accurate, valid, reliable and feasible tool for measuring step activity in a child"s current environment for both typically developing youth (TDY) (66;67) and ambulatory CP children (60) . The SAM has been shown to discriminate activity levels between TDY and CP children as well as within CP children with different GMFCS levels (60) . SAM data will be processed with StepWatch TM 3.1 software © 2005. The subject"s daily activity will be determined as 1) average total daily steps, 2) percentage of time children were active, 3) percentage of time children were inactive, 4) ratio of medium to low activity levels, and 5) percentage of time children show high activity levels. For adequate interpretation of the data, children will be asked to note their activity program during the day in a diary (e.g. time of getting up and type of activities after school).
Secondary study parameters
Secondary parameters of this study are:
gait biomechanics (assessed with 3D-gait analysis); diversity, intensity and enjoyment of participation (assessed with the Children"s
Assessment of Participation and Enjoyment (CAPE)).
walking speed (assessed during the ECWT).
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Gait biomechanics
Instrumented gait analysis will be used to determine the biomechanical effects of the AFO.
Baseline (pre-intervention) measurements of gait biomechanics will be done while walking barefoot (BF), with shoes only and with the subject"s current ("old") AFO-FC. Gait analysis while wearing AFO-FC will be included in the evaluation measurements of each AFO configuration and will be repeated in the long-term follow-up measurements of the subject"s optimal AFO. To control for varying effects of different shoes, patients will be asked to wear the same shoes during follow-up measurements as they were wearing during baseline measurements. The subject will walk on a 10 meter walkway in the laboratory, which is equipped with a force platform and a 3D-motion analysis system (OptoTrak) (Northern Digital Instruments, Waterloo, Canada). This system tracks 3D position of markers, which are attached to the subject, thereby enabling computing 3D positions of body segments within time series. A total of three walking trials will be done for each condition (e.g. BF) and individual data on joint angles and net joint moments (via inverse dynamics) around the hip, knee and ankle will be calculated for each trial. Data will be averaged to compare biomechanical output between conditions (e.g. BF and shoes), different AFO configurations (e.g. T1 k1 and T1 K2 ), and measurement moments (T0 deliver , T1 K , and T2 Kopt ). Also gait parameters, such as step length, step width and cadence, will be calculated. The averaged data of gait parameters will be related to differences in other study parameters, such as EC of walking and daily activity.
Diversity, intensity and enjoyment of participation
Participation will be measured with the Dutch version of Children"s Assessment of Participation and Enjoyment (CAPE) (68) (69) (70) , which is a valid (70;71) and reliable (68;70) instrument to measure participation in recreation and leisure activities for children with and without disabilities, aged between 6 and 21 years old. This self-assessment questionnaire contains 55 items, each concerning a specific activity. These activities are sub-divided into formal and informal domains and belong to a particular type of activity (recreational, active physical, social, skill-based, or self-improvement). CAPE measures in which activities the child participates (diversity), the frequency of the child"s participation (intensity), with whom and where activities take place and the child"s enjoyment of participation in activities. In this study only the dimensions diversity, intensity and enjoyment will be assessed. Overall scores will be calculated for each dimension and sub-scores will be calculated for different domains and types of activity.
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Walking speed
As described in chapter 3.4.1, the subject"s walking speed will be assessed during the ECWT.
Other study parameters
Other study parameters are: adherence (assessed with a motivation diary and the @monitor (83));
Satisfaction
Personal and family characteristics
Personal and family characteristics will be determined by means of an intake questionnaire.
Personal characteristics will include: date of birth, sex, weight, height, leg length, use of assistive devices, hours of organized sports per week, grade and kind of education. Family characteristics will include family structure, siblings, parental employment, social economic status, level of education, and cultural background. Additionally, sources of stress and support in parents will be assessed with a Dutch questionnaire "Bronnen van Steun en Spanning" (BSS) (72) .
Disease characteristics
A standard physical examination will be done to describe disease characteristics (e.g. type and location of CP), and determine primary motor disorders (e.g. spasticity), gross motor function (GMFCS (58)), gait pattern (classification of Rodda et al. (18)), and gait type (according to classification of Becher (73)).
Functional walking ability
The subject"s functional walking ability will be determined with The Functional Assessment Questionnaire (FAQ), which is a valid and reliable parent-report instrument to determine
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Functional mobility
The subject"s functional mobility will be assessed using the Functional Mobility Scale (FMS) (75) , which is included in the physical exam. This scale classifies functional mobility by rating the child"s usual walking ability at three specific distances (5, 50, and 500 meters), according to the need for assistive devices (e.g. crutches) or mobility aids, such as a wheelchair. The scale can be completed by therapist or parents and is demonstrated to be valid and reliable in children with CP and sensitive to detect change after surgical intervention (75) .
Medical needs and treatment goals
The subject"s treatment goals and medical needs will be assessed using Goal Attainment
Scaling (GAS) (76). GAS is commonly used to assess individual progress in rehabilitation
and is a responsive (77) and reliable (78) method in terms of measuring changes in activity and participation in children with CP.
Physical fitness
Physical fitness will be assessed by an aerobic and anaerobic exercise test on a bicycle ergometer. The test will be performed according to a recently developed protocol (VUmc, Amsterdam, the Netherlands), which is found to be feasible and reliable in children with CP (79;80). Subjects will start with measuring resting metabolism, followed by a warming-up of two minutes. After the warming-up, the maximal aerobic test will start by gradually increasing the load until maximum effort is reached. The subject"s heart rate (HR), respiratory exchange ratio (RER), and rate of perceived exhaustion (RPE) will be continuously assessed during the test. Criteria, based on these parameters, are set to define the moment maximal effort is reached. Physical fitness will be defined as oxygen uptake at the moment maximal effort is reached and will be expressed as VO2 max (ml Test (20s-WAnT) will be performed. During this test, subjects will pedal as fast as possible against a high constant resistance to determine anaerobic power (peak power and mean power). Anaerobic power can be used as outcome measure for functional capacity in children with CP (81).
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AFO properties
Assuming spring-like behaviour of the AFO, stiffness and neutral ankle angle will be assessed with BRUCE (82), which is a recently developed device for measuring mechanical AFO properties.
Adherence
Subjects are asked to keep a motivation diary to note when he/she was (not) wearing his/her AFO during the day and, if applicable, the reason for taking it off. To objectively measure treatment adherence, the adherence-to-treat monitor (@monitor (83)) will be placed into the shaft of the intervention AFO. By measuring temperature differences over time, the @monitor registers whether the AFO is worn or not. The monitor will measure during the last 2 weeks of the follow-up period, simultaneously with the SAM.
Satisfaction
Degree of satisfaction with an AFO will be rated with a scale from 0-10, in which a rate of zero means "not satisfied at all" and a rate of 10 represents "complete satisfaction".
Study procedures
Measurement schedule
Baseline measurements for this study will be scheduled simultaneously with regular consultancies to limit the total amount of visits to the medical center. According to the regular schedule, all subjects will come to the medical center every two weeks within the preintervention period, in which the new AFO will be manufactured.
Baseline measurements (visit I)
The first visit to the medical center will be at the moment of casting (T0 cast ). After signing the informed consent by parents and/or child, a physical examination will be performed to determine the child"s anthropometric data, disease characteristics, gait pattern, and GMFCS level. The FMS and FAQ will also be completed and medical needs and treatment goals will be described using GAS. During this visit, parents fill in the intake questionnaire to obtain information on relevant personal and environmental factors. After the physical examination, subjects will perform the ECWT. At the end of the T0 cast visit, subjects will receive a motivation diary, and they will be asked to keep this diary during the pre-intervention period.
Baseline measurements (visit II)
EVO-CP AFO efficacy in Cerebral Palsy
Version number: 5, 2012-12-18 27 of 42
Two weeks later, when patients come to the medical center to fit the new AFO (T0 fit ), the physical fitness test will be performed. The researcher will also determine properties (i.e. stiffness) of the subject"s current AFO using the BRUCE device. At the end of the T0 fit visit, subjects will receive the SAM to measure daily activity during the week before the next visit is scheduled.
Baseline measurements (visit III)
At the moment of delivery of the new AFO (T0 deliver ), child and parent(s) will rate the current AFO in terms of satisfaction. (One of the) parents and child are asked to complete the CAPE questionnaire one or two days prior to this visit and they will hand it in together with the SAM and motivation diary during the T0 deliver visit. During the visit, the properties of the first AFO configuration (either rigid, stiff or flexible) will be determined by the researcher using the BRUCE device. The new AFO-FC will be tuned according to the method of Owen (65) . Then, 3D-gait analysis will be performed in three walking conditions: BF, shoes, the current ("old")
AFO-FC (if applicable),. Subjects will wear the new AFO-FC the subsequent four to eight weeks and will receive a new motivation diary, which should be kept during this period (until the next visit).
Baseline measurements with intervention AFO (visit IV, V, and VI)
During the period that the AFO configuration is worn, subjects will also wear the SAM for one week. After wearing the first intervention AFO-FC, subjects will come to the medical center for the evaluation measurements (T1 K ). During this visit, 3D-gait analysis and ECWT will be performed, and the FMS and FAQ will be completed. The researcher will ask both the child and parent(s) to rate the worn AFO in terms of satisfaction. Then, properties of the new AFO configuration will be determined and the second AFO-FC will be tuned. Only during visit IV (T1K1), a 3D-gait analysis with the new configuration (K2) will be performed directly,to measure the immediate biomechanical effects of the AFO. The subject will wear the second AFO-FC for four to eight weeks (acclimation period will be matched according to total time that the first AFO-FC is worn), after which the same evaluation measurements will be done (including SAM). The motivation diary will be kept until the next visit to the medical center.
This time schedule and set of measurements will be repeated for the third AFO-FC.
Optimal AFO selection (visit VI)
When the short-term follow-up measurements for all AFO configurations are completed, data will be analyzed and the subject"s most optimal AFO will be selected. Selection of the subject"s optimal AFO will be based on data of gait analysis (primarily on the knee angle in midstance), ECWT, and degree of satisfaction of the child and parent(s). Subsequently, the
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Neuro Swing ® ankle joint system of the subject"s AFO-FC will be configured according to what is considered as optimal.
Long-term follow-up measurements (visit VIII)
The subject will wear the optimal AFO-FC during a period of twelve to twenty weeks, to ensure full habitation before long-term follow-up measurements will be performed (T2 kopt ).
Measurements at T2 kopt will include the CAPE and SAM (of which data will be assessed during the week prior to the visit), adherence (data with the @monitor (83) will be assessed two weeks prior to the visit), 3D-gait analysis, ECWT, FAQ, FMS, and GAS.
Withdrawal of individual subjects
Subjects can leave the study at any time for any reason if they wish to do so without any consequences. The investigator can decide to withdraw a subject from the study for urgent medical reasons.
Replacement of individual subjects after withdrawal
Withdrawn subjects will not be replaced.
Premature termination of the study
The study will only be terminated prematurely for urgent medical or other urgent reasons. In this case only possibly collected data will be analysed.
Statistical analysis
All statistical analyses will be done with SPSS.
Descriptive statistics
Baseline characteristics of the subjects, such as age, weight, and motor disorders will be summarized using descriptive statistics. Furthermore, for all visits, means, medians, standard deviations, and 95% Confidence Interval (CI) summary statistics on the primary and secondary outcome measures will be presented. In addition, correlations between the parameters will be examined using correlation coefficients and graphical techniques.
Univariate analysis
To analyse differences in AFO efficacy between AFO configurations, means of primary and secondary outcome measures at T1 K1 , T1 K2 , and T1 K3 will be compared using a repeated measures ANOVA.
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Multivariate analysis
Evaluation of efficacy of the subject"s optimal AFO will be based on analyses of pre/postintervention differences in primary and secondary outcome measures. Means of baseline measurements (T0) will be compared to evaluation measurements (T1 K ) and long-term follow-up measurements (T2 Kopt ) using a Linear Mixed Model (LMM) for repeated measures
Multivariate linear regression analyses will be applied to investigate what changes in the secondary outcome measure "biomechanics of gait" are associated with changes in primary outcome measures "walking efficiency" and "daily activity". First, a stepwise univariate regression (ANOVA) will be performed to determine which factors are significantly associated with changes in biomechanics of gait. Next, significant factors will be analysed in a multivariate regression analysis model.
Multivariate regression analysis will also be applied to investigate to what extent the child characteristics and AFO properties provide determinants for success of treatment with AFOs.
First, a stepwise univariate regression (ANOVA) will be performed to determine which factors are significantly associated with outcome of AFO treatment. Significant factors will be inculded in a multivariate regression model. Factors that will be analysed in the model will include baseline motor impairements, GMFCS level, gait pattern, EC of walking, physical fitness level, and AFO stiffness and neutral anlge.
1 Participation measures (assessed with the CAPE) will only be done at baseline (T0) and at long-term follow-up (T2). Assuming that data are normally distributed, means of this outcome measure will be compared using paired samples t-test.
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SAFETY REPORTING
Section 10 WMO event
In accordance to section 10, subsection 1, of the WMO, the investigator will inform the subjects and the reviewing accredited METC if anything occurs, on the basis of which it appears that the disadvantages of participation may be significantly greater than was foreseen in the research proposal. The study will be suspended pending further review by the accredited METC, except insofar as suspension would jeopardise the subjects" health.
The investigator will take care that all subjects are kept informed.
Adverse and serious adverse events
Adverse events are defined as any undesirable experience occurring to a subject during the study, whether or not considered related to the experimental treatment. All adverse events reported spontaneously by the subject or observed by the investigator or his staff will be recorded.
All serious adverse events (SAEs) will be reported through the web portal ToetsingOnline to the accredited METC that approved the protocol, within 15 days after the sponsor has first knowledge of the serious adverse reactions.
SAEs that result in death or are life threatening should be reported expedited. The expedited reporting will occur not later than 7 days after the responsible investigator has first knowledge of the adverse reaction. This is for a preliminary report with another 8 days for completion of the report.
Follow-up of adverse events
All adverse events will be followed until they have abated, or until a stable situation has been reached. Depending on the event, follow up may require additional tests or medical procedures as indicated, and/or referral to the orthotist or a medical specialist (rehabilitation physician). A detailed description of the precautions that will be taken to prevent the occurrence of adverse events related to the intervention is provided in Appendix A.
Additionally, a flow chart of the policy for handling complaints is provided, which will be used in case of an adverse event.
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ETHICAL CONSIDERATIONS
Regulation statement
This study will be conducted according to the principles of the Declaration of Helsinki 
Recruitment and consent
Subjects will be recruited from the patient population of the VUmc (Amsterdam, the Netherlands). Subjects will be informed about the study and are invited to participate by a letter, which will be send out by the medical center. After receiving the letter, sufficient time will be given before subjects are asked to consent. When subjects agree to participation, child and parents are asked to fill in a written informed consent.
Benefits and risks assessment, group relatedness
AFOs are commonly prescribed in order to improve mobility in children with CP. However, a clear concept for AFO treatment in relation to prescription goals is missing and therefore, the decision-making process of AFO prescription primarily relies on current best available evidence and expert experience. This implicates that AFO treatment is not always as adequate as possible. This study aims to improve AFO management in the (near) future in order to achieve most adequate AFO treatment in CP and results of the study might be beneficial for the subject"s AFO treatment. This study only enrols patients who are already using AFOs for one year or longer. Consequently, patients are not asked to participate in an additional therapy on top of their regular medical program.
Patients will enrol the study at the moment they are indicated to get new AFOs. As described, measurement moments are scheduled simultaneously with regular consultancies as much as possible, therewith limiting the number of visits to the medical center. Subjects will have also to visit the medical center for measurements after delivery of the new AFO, implicating greater burden compared to usual care. However, these measurement moments are included in the study design to enable selection of the subject"s optimal AFO, implicating the possibility of a more beneficial AFO treatment compared to their usual care.
Consequently, the subject might experience direct benefits of his or her new AFO.
Since the intervention AFO will be custom made, it is assumed that the orthosis will not cause greater burden or more pain compared to a conventional AFO. Measurements of the study are non-invasive. Markers, sensors and cables might somehow increase the burden during the measurements compared to normal walking and fatigue or pain might occur.
However, the risk of pain will be minimal and subjects can quit the measurements if pain
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Version number: 5, 2012-12-18 32 of 42 occurs. Subjects might get fatigued during some of the measurements (e.g. fitness tests).
The researcher will therefore ensure that the subjects and parent(s) are completely informed before starting the measurements and subjects will get sufficient time to recover from all tests.
We believe that the benefits of this study clearly outweigh the risks or burdens for the subjects.
Compensation for injury
Insurance for the subjects participating in the study (in Dutch): 
Liability insurance sponsor/investigator
The sponsor/investigator has a liability insurance which is in accordance with article 7, subsection 6 of the WMO.
The sponsor (also) has an insurance which is in accordance with the legal requirements . This insurance provides cover for damage to research subjects through injury or death caused by the study.
1. € 450.000,--(i.e. four hundred and fifty thousand Euro) for death or injury for each subject who participates in the Research; 2. € 3.500.000,--(i.e. three million five hundred thousand Euro) for death or injury for all subjects who participate in the Research;
3. € 5.000.000,--(i.e. five million Euro) for the total damage incurred by the organisation for all damage disclosed by scientific research for the Sponsor as "verrichter" in the meaning of said Act in each year of insurance coverage.
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The insurance applies to the damage that becomes apparent during the study or within four years after the end of the study.
Incentives
All subjects will be rewarded with a present and travel cost will be reimbursed to all participants.
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ADMINISTRATIVE ASPECTS AND PUBLICATION
Handling and storage of data and documents
Data will be handled confidentially, subjects will be coded by numbers. Source data will be stored on the secured network of the VUmc and will only be accessible by the principal investigator. The guidelines for data handling and storage from the EMGO Institute of the VUmc will be followed.
Amendments
Amendments are changes made to the research after a favourable opinion by the accredited METC has been given. All amendments will be notified to the METC that gave a favourable opinion.
Annual progress report
The sponsor/investigator will submit a summary of the progress of the trial to the accredited METC once a year. Information will be provided on the date of inclusion of the first subject, numbers of subjects included and numbers of subjects that have completed the trial, serious adverse events/ serious adverse reactions, other problems, and amendments.
End of study report
The investigator will notify the accredited METC of the end of the study within a period of 8
weeks. The end of the study is defined as the last patient"s last visit.
In case the study is ended prematurely, the investigator will notify the accredited METC, including the reasons for the premature termination.
Within one year after the end of the study, the investigator/sponsor will submit a final study report with the results of the study, including any publications/abstracts of the study, to the accredited METC.
Public disclosure and publication policy
Based on the results of this study, at least four articles will be published in scientific journals.
Results will also be presented at (inter)national conferences (e.g. International Society for
Prosthetics and Orthotics (ISPO) and European Society of Movement Analysis for Adults and
Children (ESMAC)).
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APPENDIX A. Policy for handling complaints regarding the investigational AFO
When the new AFO is delivered, patients will be instructed to wear the orthosis during an accommodation period. This accommodation period is constructed in a way that the time of wearing the AFO during the day is gradually extended, in order to minimalize the risk of developing problems (e.g. pressure sores). In addition, parents will be instructed to carefully check for pressure sores on the legs or feet of their child and they are instructed to contact the investigator if any problems or complaints occur during the accommodation period.
A standard policy for handling complaints will be followed for each patient (figure 2).
Patients will be contacted one week after delivery of each new AFO to check if there are any complaints (adverse events), like pain, discomfort, or pressure sores. If the patient has no complaints, the accommodation period will continue until the next visit is scheduled.
If the patient does experience problems, the investigator will identify these problems and decide which steps need to be taken: a) For fitting problems like pain or pressure sores, the patient will be directed to the orthotist as soon as possible, in order to adjust the AFO. These fitting problems are common in orthotic care when prescribing a new AFO and can generally be resolved.
b) For gait related problems that are unacceptable for the patient (e.g. frequent falls or extreme fatigue during walking), the investigator will invite the patient to visit the medical center. At the medical center, the investigator will check if any changes in AFO configuration (i.e. neutral angle) can resolve the problem.
After each attempt to resolve a problem, either fitting of gait related, the investigator will contact the patient by phone after several days to check if problems are resolved. If any new problems are present or problems recurred, the investigator will follow the described complaint policy again. For persisting gait-related problems that are unacceptable for the patient, the investigator might decide to end the accommodation period of that AFO configuration and do follow-up measurements immediately. Subsequently, the patient will continue to the next AFO configuration. When problems are resolved, the accommodation period will continue until the next measurement moment is scheduled.
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